Thirteen anaemic children on dialysis were assessed to determine the incidence of 
Many studies in adult patients with end stage renal failure have documented cardiac abnormalities." '3 In addition to accelerated atherosclerosis, an increased cardiac output and left ventricular hypertrophy are often found. Left ventricular systolic function usually remains normal despite these abnormalities but a minority of patients develop left ventricular dysfunction and heart failure. 4 Recent studies have documented abnormal right and left ventricular diastolic function in these patients.5
A number of factors may alter cardiovascular dynamics in renal failure including anaemia, hypertension, volume overload, ischaemic heart disease, electrolyte imbalance, hyperlipidaemia, acidaemia, and arteriovenous fistulas. In addition there is still debate about the existence of a specific uraemic cardiomyopathy independent of these factors. 6 Cardiovascular complications are the most frequent cause of death in children with chronic renal failure.7 Children provide an ideal group for study as they are free ofpotentially confounding factors such as atherosclerosis, diabetes, and smoking. There are only a few studies of cardiovascular function in paediatric patients with end stage renal failure,8"'2 and some of these concentrate on systolic time interval assessments of left ventricular function without including an echocardiographic assessment.9 There have been no studies of diastolic ventricular function in a paediatric population with end stage renal failure.
Previous studies have assessed children predominantly on haemodialysis. Haemodialysis has marked effects on both cardiac dimensions and function, related to improvements in volume overload and possibly to removal of uraemic toxins; the timing of investigation in relation to dialysis therefore dramatically alters cardiovascular findings.'314 In addition, an arteriovenous fistula, the commonest form of access for haemodialysis, can itself increase cardiac output and alter left ventricular function.'56 1 Cardiac output has previously been measured in children with end stage renal failure using the M mode 'cube method'; M mode echocardiography is used to measure left ventricular end diastolic diameter (LVEDD) and end systolic diameter (LVESD). Left Although seven children were receiving treatment for hypertension, six of these were normotensive,'9 assessed regularly at home using an automatic blood pressure machine (Waeschle DS40). Six children were receiving a combination of propranolol and hydralazine, one propranolol alone, and three were also taking captopril.
A detailed clinical examination was performed in 11 children. Systolic and diastolic blood pressure was measured by auscultation using the largest cuff that could be applied to the upper arm. The cardiothoracic ratio was measured on chest radiography; a standard posteroanterior viewwas taken in the oldest children (n = 9) and an erect or supine anteroposterior view in the youngest children (n=4). A standard 12 3 .
Cardiac output (CO)= SV x heart rate Equation 4 .
Cardiac index (CI)=CO/body surface area Equation 5 .
Left ventricular mass index=
0.77{(LVEDD+LVPW+IVS)'-(LVEDD)3} +2-4
Body surface area Equation 6 .
Fractional shortening=(LVEDD-LVESD)/LVEDD
As virtually all echocardiographic measurements vary with age and body surface area it was necessary to correct for these before comparing children of differing age and size. Henry et al studied a large healthy paediatric population and generated prediction equations for most echocardiographic measurements based on age and body surface area," allowing us to generate standard deviation or z scores for each measurement and to make comparisons between individuals.
Results
On examination nine of the 11 children had an Age (years) Figure 2 The electrocardiographic sum ofR wave in lead V5 and S wave in V2 against age. The 5th and 95th centiles for a normal population are also plotted. 20 greater than 50% in nine and greater than 55% in four. There was no relationship between cardiothoracic ratio and echocardiographic left ventricular dimensions or severity of left ventricular hypertrophy.
The electrocardiogram was abnormal in every child with at least three of the measurements lying outside the normal range on The cardiac index was raised in 10 children, and in two was more than three times normal ( fig  3) . This resulted from an increase in stroke index (fig 4) rather than heart rate, which was not raised in any child (median z score -0-37; range -2106 to +1-14). Twelve children had hypertrophy of the interventricular septum; in several the septal thickness was more than twice normal ( fig 5) . Septal hypertrophy was consistently more marked than hypertrophy of the left ventricular posterior wall (LVPW) which was, however, present in seven children. As a result, the ratio of interventricular septum to LVPW was abnormally high in six children (median 1-26, range 0 90-2-15; normal <1-33). The mean left ventricular mass index was well above the normal mean value (106-5 v 70-0 g/m2).23 Those with the highest cardiac index had the highest left ventricular mass index (fig 6) . We found no relationship within the group between haemoglobin and either cardiac index or severity of left ventricular hypertrophy, but they were all anaemic. For the group as a whole there was no consistent evidence of volume overload contributing to these abnormalities, though four of the 10 children with an increased cardiac index were found to have an increase in LVEDD and LVESD.
In the seven children on antihypertensive treatment there was a significantly higher cardiac index, as a result of a higher stroke index, and greater ventricular hypertrophy compared with the untreated group (table 4). However their mean systolic blood pressure z score was only +0-63, well within the normal range (-2-00 to +2-00) and not significantly different from the untreated children (-1 15) . Ifthe one child with poorly controlled blood pressure is excluded, in whom there was non-compliance with treatment, the blood pressure z scores for the two groups become even more comparable but the Stroke index (mi/mr2) 160 Figure 6 Relationship between left venricular mass index and stroke index.
14- While it may be that the higher left ventricular mass index and stroke index in patients being treated for hypertension are explained by unidentified differences in blood pressure, for example during exercise or stress, an alternative explanation is that the high cardiac output at rest and more particularly any subsequent increase that occurs during exercise can, in the presence of j3 blockade, be maintained only at the expense of a further increase in stroke index, leading to further compensatory left ventricular hypertrophy. A drug with a primary vasodilatory action might therefore have theoretical advantages over a ,3 blocker provided it does not also greatly increase cardiac output.
The incidence of pericardial effusion in previous paediatric reports has varied widely from 12 to 40%. 1035 None of our series had an effusion on M mode or cross sectional echocardiography, although one child had previously required pericardiocentesis for a large effusion shortly after developing end stage renal failure secondary to familial haemolytic uraemic syndrome. Whether the apparent absence of pericarditis reflects the greater efficiency of PROD in clearing urea or other possible toxins is uncertain.
It has been suggested that ventricular diastolic function is abnormal in adult patients with end stage renal failure,' based on peak inflow velocity measurements in the rapid early (E) filling phase of diastole and the later atrially mediated phase (A). Typically the peak E wave velocity is decreased and the A wave velocity increased, so that the E:A ratio is also decreased. This has been largely attributed to reduced compliance of the ventricle as a result of hypertrophy, but this is almost certainly too simplistic since these indices are not reliable measures of ventricular compliance. Because 38 Children with end stage renal failure on peritoneal dialysis have an increased cardiac index, an increased stroke index, and often gross ventricular hypertrophy, particularly of the interventricular septum. These findings are most marked in children on antihypertensive treatment despite apparent optimal blood pressure control. Systolic function is usually normal but diastolic function may be abnormal with a reversal of the normal E:A peak velocity ratio. A chest radiograph and electrocardiogram have very limited usefulness, often failing to detect even gross ventricular hypertrophy; a detailed echocardiogram must be performed with the necessary corrections made for age and body surface area. The role of anaemia in the pathogenesis of these abnormalities will become clearer after studying the cardiac effects of erythropoietin in such a paediatric population.
